Eugenia uniflora is used ethnomedicinally in Nigeria for diseases including malaria and in Brazil the leaves are spread on the floor for its insect-repellent activity. Search for plants useful in the control of vector of Dengue fever, necessitated investigation of the activity of E. uniflora leaf against fourth instars larvae of Aedes aegyptii, using bioactivity guided fractionation. Larvicidal activity (LC 50 2.74 and 2.18 mg/ml at 24 and 48 h) of the leaf methanolic extract, comparable (p > 0.05) to Endosulphan (LC 50 0.93 and 0.90 mg/ml at 24 and 48 h), was concentrated in the nhexane partition fraction (LC 50 2.58 and 1.87 mg/ml at 24 and 48 h). Vacuum liquid chromatography of n-hexane fraction gave fifth and sixth bulked fractions with significantly (p < 0.05) higher larvicidal activities. Column chromatography of these combined fractions yielded first and third subfractions with LC 50 1.01 and 1.17 mg/ml at 24 h, respectively and activities that were similar (p > 0.05) to that of Endosulphan and better than their mother fractions. The results established the larvicidal activity of E. uniflora leaf and encouraged further development of these fractions as alternative larvicide in the control of Dengue fever, especially among the rural populations of Africa.
INTRODUCTION
Many of the dangerous diseases in Africa are transmitted by vectors. These include malaria, dengue and yellow fevers transmitted by Anopheles and Aedes mosquitoes, respectively. Malaria is an endemic disease in Africa with a high mortality rate, especially among the children and pregnant women (Womack, 1993; WHO, 1999 WHO, , 2001 Ryan and Ray 2004; Mousson et al., 2005) . Yearly infections of dengue fever are 50 -100 million, of which half a million of them are life-threatening, requiring hospitalisation and resulting in 12,500 -25,000 deaths yearly (Whitehorn and Farrar, 2010) . Attempts at eradicating these diseases in some parts of Europe, Africa, Latin America and Asian countries with the distribution of insecticide treated mosquito nets (ITN), provision of anti-malarial drugs and vaccine against yellow fever have been largely unsuccessful. The reasons include inadequate government commitments, bad governmental policies and hygiene practices of the citizens, non-compliant use of the ITN, side effects and prohibitive costs of effective anti-malarial drugs and vaccines (Donno, 1984) . For example, yellow fever vaccine causes neurological disease, encephalitis and a severe yellow fever-like disease (Barrett and Teuwen, 2009 ).
Dengue fever has no effective therapeutic agents while carbazochrome, steroids and antiviral compounds that are currently in use have no proven role (Gibbons and Vaugh, 2002) . The occurrence of dengue could only be prevented or eradicated through the control of its vector, Aedes aegyptii. The large genetic plasticity shown by this mosquito and the four distinctly different serotypes (DEN-1, DEN-2, DEN-3 and DEN-4) of dengue arbovirus have handicapped development of its vaccine (Marcondes, 2001) . Prevention of breeding and maturation of mosquitoes would be the ideal and cost effective method for controlling mosquito-borne diseases, as smaller quantities of larvicides will be required than insecticides. Similar eradication campaigns were successfully executed in Europe and America (Cepleanu, 1983; Gluber, 1989) . Furthermore, the non selective and non-biodegradable nature of the synthetic larvicides (methoprene and temephos) dictates continued investigation of plants for natural larvicides (Arnason et al., 1989; Hedlin et al., 1997) . Significant larvicidal activities have been reported for some plant extracts and essential oils (Schwartz et al., 1998; Cetin et al., 2006; Sant'Ana et al., 2006; Tiwary et al., 2007) .
Eugenia uniflora is spread on the floor for its flyrepellent property (Morton, 1987) . Insecticidal activity of its leaf volatile oil (Gbolade and Adebayo, 1993) and larvicidal activity of the extract (Omena et al., 2005) have been reported. Since the E. uniflora leaf extract has been reported to be non-toxic (Schapoval et al., 1994) , its larvicidal activity against A. aegyptii was investigated.
MATERIALS AND METHODS

Materials:
Silica gel (70 -230 mesh) for column chromatography (CC), HR60 (10-40 μm) for vacuum liquid chromatography (VLC) and GF 254 (0.25 mm) for thin layer chromatographic (TLC) analytical plates, were used. All solvents used were of the Analar grade.
Egg hatching and preparation of test solutions:
The eggs of Aedes aegyptii collected from The National Medical Centre, Yaba, Lagos were suspended in water and left for 24 -48 hours to hatch. They were fed with rabbit pellets until they reached the fourth instars stage when they were used. Stock solutions (25 mg/ml) of extract, fractions and subfractions were prepared by dissolving them in 100 % dimethylsulphoxide (DMSO) followed by a subsequent dilution in distilled water to obtain a 0.02 % concentration of DMSO. For Endosulphan, a commercial insecticide and positive control, stock solution (6.25 mg/ml) was similarly prepared and used. Different concentrations of extract/fractions/subfractions (1, 2, 3, 4, 5 mg/ml) and Endosulphan (0.312, 0.624, 0.936, 1.25, 1.56, 1.87 mg/ml) were prepared by diluting the stock solutions with distilled water. Negative control was 0.02 % DMSO in water.
Larvicidal test: Larvicidal tests were done according to the standard method of WHO (2005) with slight modifications. Twenty five larvae at fourth instars stage were dispensed into 50 ml test cups containing 25 ml of control and different concentrations of test agents. Mortality counts were made after 24 and 48 hours of treatment. Dead larvae were those that failed to move after probing with a needle in the siphon or cervical region (WHO, 1996) (Adebajo et al., 1989a,b; Ibikunle et al., 2011) . A 5.0 kg powdered leaf was extracted at room temperature with 5 litres of methanol for 3 days; the extract was filtered and concentrated in vacuo. This process was repeated two times to give a 541 g methanolic extract (10.82 % w/w yield).
Larvicidal testing of methanol extract:
The methanolic extract (A) was subjected to larvicidal testing and its LC 50 and LC 90 values were determined as given above.
Larvicidal testing of partitioned fractions B 1 -B 5 : 520 g of A was suspended in 150 ml water, partitioned with gradient solvents (5 x 250 ml) and concentrated in-vacuo to give n-hexane (B 1 , 75 g), CHCl 3 (B 2 , 133 g), EtOAc (B 3 , 65 g), n-BuOH (B 4 , 123.4 g) and aqueous (B 5 , 106 g) partition fractions that were similarly tested for larvicidal activity.
Larvicidal testing of VLC bulked subfractions C 1 -C 13 : The most active fraction B 1 (45 g) was subjected to VLC and gradiently eluted with n-hexane, CHCl 3 and MeOH. Fractions similar by TLC were bulked to give C 1 [n-hexane 100% (400ml), 0.85g]; C 2 [nhexane 100% (3x100ml), 3.68g], C 3 [n-hexane 100% (2x100ml), 1.65g]; C 4 [n-hexane 100% (100ml), nhexane:CHCl 3 7:3 (2x100ml), 1.01g], C 5 [nhexane:CHCl 3 7:3 (7x100ml), 6.27g], C 6 [nhexane:CHCl 3 7:3 (100ml), n-hexane:CHCl 3 3:7 (2x100ml), 
RESULTS AND DISCUSSION
Controlling the mosquito population, including A. aegyptii at the larvae stage has been suggested as the ideal method for preventing their infestations (Cepleanu, 1983; Gluber, 1989; Womack, 1993; WHO, 1999 WHO, , 2001 Ryan and Ray, 2004; Mousson et al., 2005 (Figs. 1, 2) . A 65 % mortality for the leaf ethanolic extract at 0.1 mg/ml (Omena et al., 2005) , was comparable to our present report (Figs. 1, 2 (Schwartz et al., 1998; Cetin et al., 2006; Sant'Ana et al., 2006; Tiwary et al., 2007) . Endosulphan, an organochlorine pesticide, has a long history of widespread use. Organochlorines are non-biodegradable, accumulating in sediments, plants and animals. Exposure to them over a short period produces convulsion, headache, dizziness, vomiting, tremors, confusion, muscle weakness, slurred speech, etc while on long term they damage the liver, kidney, central nervous system, thyroid and bladder, and causes cancer. Specifically, Endosulphan is highly toxic to the nervous system and additionally causes circulatory problems. All these undesirable effects make continued search for larvicides, particularly from plants sources, a high priority (Swackhamer and Hites, 1988; Dich et al., 1997; Paul and Balasubramaniam, 1997; Pozo et al., 2006) . Similar (p > 0.05) larvicidal activities of E. uniflora extract and Endosulphan (Figs. 1, 2 ) gave a hope of isolating a more active constituent. Hence, activity-directed fractionation was employed in the investigation of the extract for its larvicidal constituents.
The n-hexane fraction (B 1 ) had similar (p > 0.05) activities as the extract and Endosulphan at 24 and 48 hrs (Figs 1, 2) , making it the most active partition fraction. Fractions B 2 -B 5 had lower LC 50 and LC 90 values at 48 than 24 hours, indicating benefit from longer exposure. Their order of activities was nhexane (B 1 ) = extract (A) = Endosulphan > ethylacetate (B 3 ) > chloroform (B 2 ) = n-butanol (B 4 ) > aqueous (B 5 ). The C 5 , C 6 and C 8 bulked subfractions obtained from VLC of B 1 , had statistically (p < 0.05) higher larvicidal activities than B 1 at 24 and 48 hrs (Figs. 3, 4) . Evaluation of the numerous chromatograms of the extract, its fractions and subfractions indicated that the active constituents would be the non-polar and mediumly polar compounds with R f 0.94 and 0.28 in n-hexane-CHCl 3 (7:3).
Monoterpenoids and sesquiterpenoids (Coppetti and Gonzalez, 1922; Fester et al., 1960; Lalli de Viana and Retamar, 1972; Weyerstahl et al., 1988; Onayade et al., 1999) , triterpenoids and their acetates (Rücker et al., 1977) and moderately polar flavonoids, such as myricitrin, (Schmeda-Hirschmann et al., 1987) have been reported from the leaf. (Figs. 5, 6 ). Hence, D 1 and D 3 , with statistically (p < 0.05) better activities than both C 5 and C 6 , especially their LC 90 values at 24 h, were the most active CC subfractions (Figs. 5, 6 ). Subfractions D 1 and D 3 were majorly (> 90 %) composed of the non-polar compound with R f 0.94 in n-hexane-CHCl 3 (7:3). Efforts are on-going at isolating and elucidating the active constituents with R f 0.94 and 0.28 in nhexane-CHCl 3 (7:3) in order to identify the larvicidal constituents of the plant. Therefore, this study established that E. uniflora leaf extract has larvicidal effects on A. aegyptii. Since the plant is non-toxic (Schapoval et al., 1994) , purified fractions (D 1 or D 3 ) should be considered for commercial exploitation as a cheaper and alternative larvicide in the control of dengue and yellow fever diseases, especially among the rural populations of Africa. 
CONCLUSION
This study established that E. uniflora leaf extract has larvicidal activity against A. aegyptii, vector of dengue and yellow fever and suggested the commercial exploitation of its most active fractions.
